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LONGITUDIIUL AND LA- S W I L S T Y  CHAFWTERISTICS O F  

A LOW-ASPECT-RATIO UNShm-1m-G AIXPLANE MODEL 

AT MACH NLNBEBS O F  1.82 AMD 2.01' 

By 14. Leroy  Spearman  and  Cornelius  Driver 

An investigation  has  been  made in the  Langley 4- 'by bfoot supersonic 
pressure  tunnel  at Mach numbers of 1.82 and 2.01to detemine the  longi- 
tudinal and leteral  stability  c9secteristics  of a fighter-type  airplane 
model  having a low-asgect-retio  u-n-s-xept  Idng  and a high  horizontel  tail. 
The coqlete mdel and  various  coxbir?ations of component parts were tested, 
as well 8s  vzrious  configurztion  changes  including a nodified  vertical 
tail,  several  ventral  fins,  end  severs1  externel  store  arrzngements. 

53.e results  for  the  basic  cleen  corziguration  indicated a region  of 
reduced  lo-n-gitudiml  staSility  at low lifts  at a Bkch nurr?ber of 2.01 that 
was zpsarently  caused by fuselage flow fields  or  vertical-tail  effects on 
the  horizontel  tail. 

R considerable  portion of the  verticel-';ail  contribution to direc- 
tional  stability m s  required  to  overcome  the  lerge  unstable  yaving  roomeni 
of the body. Tke  directional  stability  decreesed  rapidly  at  high  angles 
of sttsck, primxily beceuse  of  increased  instability of the wing-bo&y 
combination.  The  directional  stability  was  increased  considerably  through 
the  use of en enlarged  svept  vertical'tail and was increased to some extent 
through the  use  of  ventre1  fins. 

The addition of tip-xounted  stores  hed  little  effect OQ the  longi- 
tudinel  sta5ility  but  did res-ht in  an Increase in the minLm-drag level 
azd  czizsed a reductioc in directional stabili%y at high  angles  of  attack. . 
The  addition of a body-nounted  store  reduced  the  directional  stability 
t'moughout  the  angle-of  -attzck  range. 

lTne  inforrEtion  presellted  herein  was  previously mde availEble to 
the U. S. x i l i t s l y  sir services. 
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INTRODUCTION . 

An investigation has been  made  in t'ne Langley 4- by 4-foot  super- 
sooic  pressure t m e l  et &ch  numbers of 1.82 and 2.01 to detemine the 
static  longitudinel  and  lateral  stability  characteristics  of 2. model  of 
a fighter-type  airplane  heving  low-aspect-ra-bio mswept wings.  The  com- 
plete  model and various  cornbioations  of  its  conponents,  including a 
aodified  vertical  tail  and  several  ventral-fin  arrangenents,  were  tested 
tbzough m- angle-of-attack and sicieslip  range. In adiiition,  the  effects 
of a pylor-mounted  fuselege  store,  two  wixg-tip-mounted  missile  configu- 
rations,  and  wing-tip fue l  tanks  were  deternined. 

The  tests  were  made at Reynolds  numbers  of 1.38 x 106 and 1.02 x lo6 
(based on  the  king  mean  geometric  chord}  for  Mach  numbers  of 1.82 and 2.01, 
respectively. 

COEFFICIENTS AND SYMBOLS 

The  lift,  drag,  end  pitching-moment  coefficients  are  referred to the 
stability-axis  system  (fig. l(a) ) and the  lateral-force,  rolling-moment, 
and  yawing-moment  coefficients  are  referred to the  body-axis  system 
(fig. l ( b ) )  with  tbe  reference  center  of mments at 25 percent of the 
wing  mean  geametric  chord.  The  coefficients and symbols are defined as 
follows : 

b wing  span 

CL lift  coefficient, L/qS 

c2 rolling-moment  coefficient, MX/qSb 

Cm pitching-moment  coefficient, Ky/qSE 

Cn yawing-moment  coefficient, Mz/qSb 

CX longitudinal-f  orce coet'f  icient, X/qS 

ZP 

c q L  

effective-dihedral  parameter  measured  at $ = 0' 

longitudinal-stability  parame+,er -. 

. 
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CnP 
direct ionel-s tabi l i ty  parameter measured at P = 0' 

sfde-force  pzrmeter mezsured zt p = Oo 

C wing chord 
- 
C wi-llg mem gemetr ic  chord 

it horizontal-tail  incidence engle, deg 
L 

L lift 

M Nzch  number 

MX mommt about X-exis 

MY mment  about Y-=is  

MZ moment &out  Z-axis 

9 free-stream  dynanic  pressure 

S t o t a l  wing plan-form area, including body intercept 

longitudinal  force,  equal and opposite t o  drag at zero 
s i d e s l i s  

Y l a t e ra l   fo rce  

a angle of a t tack  of fuselage  reTerence  line, deg 

P s?ngle of s idesl ip  of fuselage  reference  l ine,  deg 

Configurztion  synbols : 

B 

H 

body 

horizontal tsil 

W wing 

V1 basic t a i l  wi-ih thickened  trail ing edges 

v2 b a s i c   t a i l  
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enlarged  vertical  t a i l  

ventral   f ins   (see  f ig .   2(c))  

wing-tip  %arks 

body-nounzed s tore  

four %ip-mountec? Felcon  missiles 

th-o tip-nomted Sidewinder missiles 

h 

I 

Drewings of t'ne rcociel are  shoTdn i n   f i g m e  2. Details 02 t'ne various 
store  configurations  are shom i n  figure 3 .  Photographs of several oT 
the  configurations are shown i n  figure I;. me geometric cherecter is t ics  
of the  nodel and variom  external  store arrangenen5s are  given i n  table  I. 

Tke model was eqxfpped with E. wing havirrg 18.1° sweep of the  quarter- 
chord lhe, an aspect   ra t io  of 2.45, a t aper   rz t io  of 0.377, and 3.36 per- 
cent  modified  circular-arc  sec-iions. Tle w i n g  was s e t  at zero  incidence 
to   the  fuselage  reference  l ine end had loo negative  geometric  di'nedral. 
The t e sz  model m.6 not  equip2ed  with  internal  ducting end the  s ide  inlets  
were faired  into  the  contour of t i e  body. 

R modified ve r t i ca l  t a i l  having a larger  area and increased s-iceep 
( f ig .  2(5)) w e s  tes ted t o  determine its effect iveness   in  improving the 
direct ional   character is t ics  at angles of attack.  Several  ventral-fin 
configurations were also  investigated. The vent ra l   f ins  were th in  alumi- 
num p h t e s  with  beveled  edges and  were f i t t e d   t o   t h e  bottom of t'ne hoe. 
(See fig. 2(c) . )  

The mo5el was equipsed  with a ho r i zon ta l   t a i l   f i xed   a t  zero  incidence 
only. The e ~ e r n a l   s t o r e  arrangements tes ted  were es follows: ( a )  a pylon 
mounted fuselage  store  (fig.  3(a ) ) ,  (5) 'GWO fue l  tanks, oce on each wing .. 
t i p  (fig. 3 ( b ) ) ,  two Sidewinder missiles, one on each wing t i p   ( f i g .  3 ( c ) ) ,  
2nd four  Felcon  missiles, two on each wing t i p   ( f i g .  3 ( 2 ) ) .  . 
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Forces and monents were measured through  the  use of e six-component 
internal  strain-gege  balence and indicating system. 

CORRZCTIORS h i  ACCW-CY 

, The angles of a t tack  and s ides l ip  were corrected for the  deflection 
of the  balznce and s t ing  under  lozd. *The drag e t& were adjusted  to  2. 
base  pressure  equal to   f ree-s t rean   s ta t ic   p ressure .  The m s x i n u m  probeble 
e r ro r s   i n   t he   da t a   a r e   a s  follows: 

M = 1.82 M = 2.01 

CL . . . . . . . . . . . . . . . . . . . . . . .  
CX . . . . . . . . . . . . . . . . . . . . . . .  
G n . . . . . . . . . . . . . . . . . . . . . . .  

CZ . . . . . . . . . . . . . . . . . . . . . . .  
Cy . . . . . . . . . . . . . . . . . . . . . . .  C n . .  . . . . . . . . . . . . . . . . . . . . .  
a , a e g . . . . . . . . . . . . . . . . . .  . . .  
p ,deg  . . . . . . . . . . . . . . . . . . . . .  

t o .  0065 
*o. 0050 
*o .001k 

*o .om22 
f0.00021 
ko .0016 

fO.l 
fO.l 

fO. 0049 
fO. 0037 
kO.00lL 

f o  .om16 
*to. oool5 
fO . GO12 

fO. 1 
fO. 1 

It should be  pointed out tha t   the  ~raximm probable  error i n  the drsg 
coefTicient is lerge because of rm-dom zero  shifks cEused by temperature 
variations  that  aTfected  the  drag  strain-gage lin2x orLly. For nost of the  
€ests, the Cx er rors  ere believed t o  be  Trithin ;tO.OOlO. 

The conditiolzs for  the tests were as I"ol1ows: 

M = 1.82 M = 2.01 

Remolds number based on  mean gemet r i c  
chord . . . . . . . . . . . . . . . . . . . 1.02 x 106 1.38 x 106 

Stagne%ion  deleoint, 4 . . . . . . . . . . . . < -20 < -20 
Stagnation  presswe, lb/sq in. abs . . . . . . 10 15 
S t a g m t i o n   t a p e r a t w e ,  OF . . . . . . . . . . 100 110 
Mach  number var ia t ion . . . . . . . . . . . . . fO .01 fO .01 
Flow angle in the  horizo?zal or ver2ical  

plane,deg . . . . . . . . . . . . . . . . .  f0.1 f0.1 rr 



Tests were rase  through  an  angle-of-attack ant5 s i d e s l i s  range UI, t o  
&bout 20°. A f i p e  index  containing  the  test  configurations and angle 
ranges is  presented i n   t a b l e  Ii. 

FC3SULTS ANI DISCUSSION 

A s  seen in   %&le  11, t h e  basic  longitudinal data are presented  in 
I"igces 5 t o  7; the  basic  l&%eral date, in   f i gu res  8 t o  16; tine extern& 
s tore  data, i n  Zigures "7 t o  19; 2nd the summary data ,   in   f igures  X) 
t o  24. 

Lmgitudiml  Character is t ics  for Clem- Configuration 

The aerodynzmlc chzracter is t ics  i3 pi tch   for   var iocs  combinations of 
ncdel c q o n e n t s   a r e  presen-led i n  f i p e  5 ?or M = 1.82 and in   f i gu re  6 
f o r  M = 2.31. Tne ediiltion of the  horizontal  t a i l  t o   t h e  body-dng- 
ver t ica l - ta i l   conf igua t ion   provides  raS'ner large  increases  in l i f t  with 
increasing  angle of a t tack  and, of course,  increases  the  pitching-nanent 
slope Cna f o r  bozki Nezh nuibers. The addi%ion of t he   ve r t i ca l  t a i l  
( f ig .  5 )  had l i t c l e   e f f ec t   o the r   t han   t o  cEuse En increase  in  drag an& a 
slight positive  iccrexext, of pi tching  ament .  

The lor -g ik&ize l  stability character is t ics  for the  complete rnodel 
f o r  Mach zumbers of 1.82 me 2.01 are  cmpered  in  f igure 7. The pitching- 
moment var%tLon for   the  complete conAYguration at M = 2.01 is  consider- 
ably l ess   l i cear   than   thz t  for M = 1.82, t'ne prinary difference  being a 
reductizn i E  i n  the  low l i f t  range at M = 2.31. The  same trend 
w a s  observed Tron: t e s t s  of a similar nodel  (ref. 1). Althougk the moment 
variatLon v i th  the horizontal  t a i l  rexove5 (EIKV.2, f i g .  6 )  is reasombly 
Linezr at lov l i f t s ,  the moment vari&tion  with  the wing removed but  with 
the  horizontal  %ail inszalled ( B V S )  i s  very  noplinear a d  indicztes tbe 
sane reduction In  at low mgles  as  3ces t i e  complete  model.  Eence, 
it appars  tkac the  ronlinear pitching-manent  varlztior, a t  l o w  l i f t s  nay 
resul; frcz fuselage ?lo%- f i e ide  o r  ve r t i ca l - t a i l   e f f ec t s  on the  horizon- 
t a l  tai:. 

C X L  

c q L  
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Some interference  effect  of the -&ng on the  horizontal  t a i l  is indi- 
cated  (Pig. 6 )  i n  that the l i f t  an3 m c m e ~ ~ t  incren;ents  grovided by the 
t a i l  a re  decreased in  the  presence of the Xing at the  lower angles ol" 
zttack. Above about a = 16O the  reverse 5s t rue,  the t a i l  l i f t  and 
moment increnents  being sonewha% greater  in  , the  presence of the wing. 

Laterel  and Di-rectiond  Characterist ics  for Clean  Collfigwa-Lion 

Effects of component parts.- The  aero6ynami.c charac te r i s t ics   in  
SideSliD at M = 1.82 were obtained Tor several  combin&tions of model 
componeks at angles of a t tack  of 2.4O, 8O, and l2.7O (fig.  8). In d d i -  
t ion,  results were obtained  through  the  angle-of-atteck  renge  for a side- 
s l ip   angle  of about 5.3O ( f ig .  9)  . end these re su l t s   a r e   summized   i n  
figure 20. 

The zddition of the ve r t i ca l  tai l ,  of course,  provides a s tab i l iz ing  
increment of yawing moment ( f i g  . 20) but a considerable  portion of the 
te i l  contribution (56 percent a t  a = Oo) is  requi red   to  overcome the 
large  unstable  mment  cased  by  the long body. The addition of the  hori-  
zontal t a i l  near the t i p  of the   ver t ica l  tai l  provides  an  increase  in  the 
h t e ra l - fo rce ,  yawing-moment, and rolling-moment der ivat ives   that  becomes 
more pronounced w i t h  increasing angle of a t tack  (fig. X)). 'EQese increases 
result pa r t ly  from the end-plate  effect of the  horizontal  t a i l  on the ver- 
t i c e l  t a i l  and pa r t ly  from the t rensmi t ta l  of positive  pressures from the 
lower surface of the  horizontal  t a i l  t o  the windmrd side of t he   ve r t i ca l  
tail. Apparently it is th i s  t ransmi t ta l  of pressures  that   provides  the 
more pronounced ef fec t  or" the   horizontal  t a i l  with increasing angle of 
attack  since,  under such conditions, the positive  pressures on the under- 
side of the horizontal  t a i l  would increase. As a result of this same 
interference  effect ,  however, much of the increase   in   d i rec t iona l  sta- 
b i l i t y  provided by the  horizontal  t a i l  at high angles of attack may be 
l o s t  when the t a i l  is  deflected dmwzrd for  tr imning  in  pitch.   Tnis 
e f fec t  is shown in  reference 2 f o r  a shilar m o d e l .  

The d i r ec t iona l   s t ab i l i t y  C f o r   t h e  complete  Configuration nB 
( f ig .  20) decreases  rapidly at the  higher  angles of attack,  primarily 
because of t'ne increased  instabi l i ty  of the wing-body combination an& not 
because of zny loss i n  t a i l  contribution. This character is t ic  may be 
tnfluenced  by sidewash  induced at the wing-body juncture. Because of the 
negative dihedral engle ,   th is  side-msh, which should  be shi lar  to t h s t  
f o r  a low-wing circular-body  configuration, would be adverse  below md 
favorable above the center of the wing-body disturban-ce field (see ref. 3)  
This would r e s u l t   i n  an  increase i n  the i n s t a b i l i t y  of the wing-body con- 
f igurat ion with increasing  angle of a t tack  as the  afterbody moves dom 
through a region of adverse  sidewash. The v e r t i c a l  tail, on the  other 
hand, would indicate little change in   effect iveness  with increasing  angle 
of a t tack as it moves  down through a region of favorable sidewash. 
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The aerodynamic character is t ics  i n  s i s e s l ip  a t  M = 2.01 for various 
cmbinztions of model  components are  presented  in figure 10 for several  I 

angles of attack. These r e s u l t s   a r e   s m s r i z e d   i n   f i g u r e  21. 

The results, in  general ,   are  similar  to  those  for M = 1.82, insofar 
as the  horizontal- ta i l   effects  and angle-of-attack  effects  are concerned. 
The prinery  difference  for  the M = 2.01 cese, of course, i s  the =ore 
c r i t i c a l   l e v e l  of d i r e c t i o n d   s t a b i l i t y  t l m k  r e su l t s  from the decreased 
ver t ica l - te i l   cont r ibu t ion   ( ta i l  lifC,-curve slope) at the  higher Mach 
nvzQber. This decrease i n   s t a b i l i t y  i s  i n  agreement witn  that  estimated 
on %he basis of the  variation of t3e lift-curve  slope  with Mach  number 
for the   ver t ica l  t a i l  as obtained  through  the  use of reference 4. 

Some s ides l ip  tests were made st M = 2.01 for  angles of a t tack of 
about 83 a d  sbout 18' f c r  the nodel with tke wing  removed  and with  the 
horizoxtal and ve r t i ca l  tai ls  on ( f ig .  10). A summary of these  resul ts  
( f ig .  21) indicates l i t t l e  e f fec t  of the wing on and C at 

a = 8', but et a = 18' with the wing  removed there i s  a considerable 
Becrease i n  both  the side force is  less negative and direct ional  

s t a b i l i t y  (CnP i s  more negative).  This  effect adds  creBence to the side- 

vash concePt previously menfxioned i n  t h a t  the aBditioc of the wing at the 
high  azgles of attack  apparently  provides a favorzble  sidemsh  at  the 
ve r t i ca l  t a i l  that resulcs in a subs5antial  increase  in  the  side  force 
and d i rec t iona l   s tab i l i ty .  

nP 

(CYP ) 

Tce  more r-egative  value of at a = 8' w i t ? ?  the  wing  relnoved c z B  
.is an  ifidication of tke  negative dihedral e f fec t  provided  by  the wing. 
The iocremen-l of Czp provided  by  the wing for the  complete model at 
a = 8 O  i s  zboct the s m e  as tiiat indicated by  tine addition of tne  wing 
t o   t k e  bo&y - a s s m h g  Ciat the -body alone causes  essentially no ro l l ing  
mmenz. Tae effect  of ",he h l n g  on is less pronounced a t  the higher 
angle of a t tack and t5e ro l l ing  moment provided by the t a i l  appears to 
predominate. 

% 

Effeccs or" sicleslip 02 longitudinal  characterist ics.-  The variations 
of CL, Cx, and C, with p for variom  zmbinations of  components a t  
various  angles of attack  are  presented j.2 figures 11 and 12 f o r  Mach nm- 
Sers of 1.82 and 2.01, respectively. The res-dts show t'nat for   the  cam- 
p le t e  model, p a r t i m h r l y  at low angles of attack, e fairly  rapid  increase 
i n  Eegative  pitching momnt occurs wit '?  increasing  ~ideslip.   This  char- 
a c t e r i s t i c  i s  apparently & horizontal-tail  effect  since,  in  general,  the 
configurations wi+,ho.Jt the  horizontal t a i l  Indicake an opposite  trend. 
ThLs ir;fluer_ce of -;he horizontal t a i l  i s  also  seec  a t  ;G = 80 when the 
w i c g  i s  renoveC (Tig. 12(3)). A t  c: = 18.2' (fig. 12(d)) ,  hovever, the 
ir?li lence of ;'ne hGriZOl'i~a1 t a i l  indi:eAed by the negE-Live vEriaticn of 

a 
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Cm -&th p for   the  wing-off r e su l t s  i s  apparently  or'fset  by  the  posi- 
t ive  var ia t ion or" C, with p provided by the body end wing .  Hence, 
for the  complete model a near ly   constant   Eriet ion of c$l with p 
results . 

Effects of ver t ical- ta i l   sect ion.-  'The e f fec ts  or" ver t ica l - ta i l   see-  
t i o n  on the   l a t e ra l   s tEb i l i t y  of the complete configuration at M = 2.01 
is -presented i n  f i g w e  13 for  angles of Ettack of 8' and  18.2O.  The 
modified t a i l   s e c t i o n  (V1) had p a r a l l e l  sides aft of the  maximm thick- 
ness  point and resul ted  in  a blunt-trailing-edge  version  of  the  basic 
t a i l  (V2). S ime  the  basic  t a i l  -as re lzt ively  thin,   th is   modif icat ion 
had no s igni f icant   e f fec t ,   a l thoe i   there  was e slight  tendency  tomrd 
increased  lateral   force,   roll ing moment, and y a w i n g  moment for the  f la t -  
sided t a i l .  

Effects of ver t ica l - ta i l   p lan  form.- The e f f ec t s  of v e r t i c a l - t a i l  
plan form 02 the   s idesl ip   charecter is t ics  at M = 2.01 were obtained at 
several  angles of ettack  (Zig. 14) for the  model wlthout  the  horizontal 
tai l ,  and the   resu l t s   a re  summarized i n  figure 22.  The enlarged  ver t ical  
t a i l  ( ~ 3 )  p rovided a substaGtia1  increase  in  the laterel force, yawing 
moment and ro l l ing  moment over t h a t   f o r   t h e   b a s i c   v e r t i c a l   t a i l  (V2). Ar- 

estimate of the  increase  in lateral f o r c e   t o  be  expected frm the  enlarged 
t a i l  was =de by using  lift-ccrve  slopes for the isolated tai ls  obtained 
by the nethod of reference 4. This e s t h t e  was es sen t i a l ly   i n  agreemellt 
with  the  incremental  increase obi;ained experimentelly zt a = 2.4O.  Some 
increase ~ 5 t h  increasing  angle of a t tack  is indicated  in   the  increaent  of 
Cyp, Cnp, and C z p  provided by the  enlarged t a i l  ( f ig .  22). This 
increase  apparently i s  a result of favorable  side-ash  in  the  region above 
Lhe center of the  wing-body  wake. 

The addition ol" the  enlarged swest v e r t i c a l   t a i l  i s  su f f i c i en t   t o  
increese  the  angle of a t tack  at which = 0 frm about loo t o  about 
17.5' ( f ig .  22). The interference  effects  of the  horizontal  tai l ,  of 
comse,  are  cot  included  in  these  results so that the  incren?ental con- 
t r i3u t ions  t o  t'ne lateral s t a b i l i t y  provided  by  the  enlarged t a i l  m ~ y  be 
a l te red  when the  presence of a ho r i zon td  t a i l  i s  considered. 

CnP 

Effects of ventral   f ins . -  'Tine e f f ec t s  of ver ious  ventral   f ins  on the  
s idesl ip   character is t ics  et M = 2.01 of the complete model with  the. 
bas ic   ver t ica l  t a i l  (V2) were d e t e d n e d .  These e f f ec t s   a r e  shown through 
the  angle-of-attack  range at p = 5.3O in  figfire 15 and the resdts  are 
s m r i z e d   i n   f i g u r e  23. The e f fec ts  of two of t he   ven t r a l   f i n s  =re shown 
throw-   the   angle  of sideslip  range a t  CG = 8O i n  figure 16. I 



Each of the   vent ra l   f ins ,  when added t o  the basic model, provided 
some increase  in   the lateral force afid yawing moments and a s l igh t  reduc- 1. 

t i o n   i n   t h e   r o l l i n g   a m e n t s   ( f i g .  23). With the  exception of U l ,  the 
ven t r a l   f i n s   p rov ided   s l i gh t ly   L rge r  increments  of Cyp per  unit  area 
than   S i3   the   ver t ica l  tails. However, all of the  ventral   f ins  provided 
s igni f   i caz t ly  smaller increments i n   p e r  unit area than did the  
v e r t i c a l  tails, probably  because of the shorter moment arms available 
with the ven t r a l   f i n s .  The increments  provided i n  CYp and Cnp by 
ck-e v e n t r a l   f i n s   ( f i g .  23) were essentially  constant  with  sngle of a t tack  
and resu l ted   in   on ly  a small increase ill the  angle of a t tack  for vhich 

CnP 

CnP = 0. 

It i s  interest ing  to   note   that   the   increments   in   CY^ and Cnp pro- 

vided by v e n t r a l   f i n s  U l  and U2 are   essent ia l ly   the  same although U2 
has   less   area an2 a shorter Ill0n;en-t arm than Vl ( f ig .  23). This  again 
may be  an im5ic&,ion of the  sidewash behind  the wir?@;-body juncture, which 
3elow the  center  of the  wing-body wake Eppears t o  be a v e r s e .  A s  a r e su l t ,  
t ke  added a rea  of v e n t r a l   f i n  Ul may be offset  by en adverse sidewash. 
This  result i s  p.sr+,icCLarly in te res t ing  inasmxch as the smaller vent ra l  
f i n  ( U 2 )  would be more desirable i n  &ny case  since ic imposes no groun6,- 
clearance  restrictions.  The lower d i r ec t iona l   s t ab i l i t y  provided by the 
l a rge r   ven t r a l   f i n  Ul r e l a t i v e   t o  U2 is confined t o   t h e  lower  angles 
of s ides l ip   ( see   f ig .  16). Beyond a s idesl ip   angle  of about 6O, where 
the  influence of sidemsh from the wing-body juncture would be  diminished, 
t he   l a rge r   ven t r a l   f i n  does  provide  greater  side  force and yawing moments 
than   tne  smaller v e n t r a l   f i n  ( U2). 

Aerodynamic ChwEcterlst ics f o r  External  Store  Configurations 

Longitufiind  characteristics.-  Various  arrangenents of external   s tores  
were investigated z.t X = 2.01 only. Tie aerodynamic cha rac t e r i s t i c s   i n  
p i tch  with and without t he  horizontal  t a i l  and with  the  ver t ical  t a i l  V2 
are  presented  for  the  corfigurations wit'n t i p   t a n k s  and with two t i p -  
mounted Sidewinder missiles in   f i gu res  17 and 18, respectively. 

The addition of t'ne t i p  tznlrs.   (f ig.  17) caused  an  increase i n  mini- 
num drag of about 0.0068. mis drag  increment  decreases  with  increasing 
IiI't, :lowever, because of the decreased  induced  drag  resulting from the  
end-plate  efr"ect of the tip-rnounted s tore   ins ta l la t ion .  An increase ir, 
l i f t -curve  s lope  resul t ing from t h i s  end-plate  effect i s  evident  both 
with and -without K?e horizontal  t a i l  ( f ig .  17). 

A considerable  increase occurs i n  the s ta t ic   longi tu i i ina l   s tab i l i ty  
when the  tenks are added to   the  nodel   with  the  horizontal  t a i l  of f .  T h i s  
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i nc rease   i n   s t ab i l i t y  may be due in part t o  moments of the s tore  itself 
and i n  part t o  increased wing lift provided  by the end-plate  effect of 
the s to re   i n s t a l l a t ion  which resu l t s   in   en   increase  i n  tine stabilizing 
wing-lift  carryover t o  the afterbody. However, f o r  the ccuuplete model ,  
the r e l a t ive ly  little effect of the tanks on the long i tud ina l   s t eb i l i t y  
i s  an indication  of same compensating l o s s   i n  t a i l  contrfbution  result ing 
frm dynemic-pressure  changes or domwas'n induced  by the tank. 

The addition of the two tip-mounted  Sidewinder missiles (f ig .  l8) 
provided  an  increase i n  mininuin drag of about 0.0031. The changes i n  
drag-due-to-lift,  lift-curve  slope, and longi tudinal   s tebi l i ty ,  although 
smaller i n  magnitude, are essent ia l ly   the same as those just discussed 
f o r  the tank instal la t ion.  

l a te ra l   charac te r i s t ics . -  The e f fec t s  of var ious  s tore   instal la t ions 
on the lateral character is t ics  were obtained i n  tests made through the 
angle-of-attack range at a sideslip  angle of about 5.3O ( f ig .  19). These 
re su l t s  are s m r i z e d   i n  figure 24 f o r   s t o r e  arrangements t'nat include 
two tip-mounted  Sidewinders, four  tip-mounted  Falcons, and a fuselage- 
mounted store.  

Each of the   ins ta l la t ions  caused  increases i n  the side-force param- 
e t e r  CyB (fig. 24) that varied with s to re   i n s t a l l a t ion  s i z e  from a 
smell increase with the two Sidewinders to   re la t ive ly   l a rge   increases  
with the four  Falcons  md  the body store.  The tip-mounted missiles caused 
no change i n   d i r e c t i o n a l   s t a b i l i t y  of  low angles of at tack  but  did czuse 
reduct  ions  in with increasing  angle of a t tack  that amounted t o  a 
decrease i n  the angle of a t t ack   fo r  C - 0 from about l2.5O t o  9.7 
for the  four  Falcons. The fuselage-mounted store,  however, which was 
located  s l ight ly  forward of the nment  reference  point, resulted i n  a 
significant  aecreese  in throughout  the  angle-of-attack range and 
reduced the sng le   fo r  = 0 to about 5.6'. 

CnP 
- 

CnP 

The addition of the tip-nounted  stores  generally  resulted in  e reduc- 
t i o n   i n  the effect ive dihedral (CzB was less negative  since the e f f ec t  
of the t i p  s tores  i s  -Lo increase the lift-curve  slope  of  the wi-ng and 
thereby  increase the gosi t ive CzB provided  by the wing. 

i n  the dihedral e f fec t  (CzP is more negative i n   s p i t e  of the increase 
i n   l a t e r a l   f o r c e  below the  moment reference axis and indicates the possi- 
b i l i t y  that the rfusehge-store  flow f ie ld  may cause a l o s s   i n  lift f o r  
the t r a i l i n g  w i q  panel   in   s idesl ip .  

1 

Tae addition of the  fuselage  store, 

howejery 

resu l t s   in   an   increase  
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A? Frvestigation  has  been made i n  zhe  Langley 4- 'by 4-foot  super- 
sonic  pressure  tunnel &; Mach nmbers of 1.82 a?d 2 .01 to  determine  the 
longitudinal and lateral s t a b i l i t y   c h r a z t e r i s 5 i c s  of various  arrange- 
xents 0;' a fighter-%yge  zirglane rr.odel havi?G a low-aspect-ratio,  tapered, 
unswept  wizg EX-& a high hcrizclltal kil. The resLlts  of  the  investlgation 
indicated  the  folloving  conchsiar-s : 

1. A nanlinear  vzriation of pitching  nment  with  angle of a t tack  
that  occzrred at low lifzs at a Mach nmber of 2.01 wzs apparently caused 
by fuselage-flaw-fleld or ver t i ca l - t e i l   e f f ec t s  on the  horizontal  t a i l .  

2. A considerzble  portio3 of the   ver t ica l - ta i l   cont r ibu t ion   to  
d i r ec t iona l   s t ab i l i t y  vas required t o  overcome the   h rge   w-s tab le  yawing 
mornelt cwsed by t3e losg fuselage. The addition of the horizontal  t a i l  
(wit'n an  incidexe  angle of 0 0 )  mar t h e   t i p  of the   ver t ica l  t a i l  provided 
an  increase  in  the d i rec t iona l   s tab i l i ty  2s -dell as in   t he   l a t e ra l   fo rce  
n3& rollFng  noxents. ,This influer.ce  of We 'rorizor,tal Tail would be 
eqecued  t o  dixinish,  however, vhen t h e   t a i l  is deflected f o r  trimming 
ir pi'uch. 

3 .  The directional  stabil i ty  decreased  rcpidly a t  the higher  angles of 
attack,  primarily bezause of i n c r e h s d   i n s t a b i l i t y  of the wing-body cam- 
Sination  an5 cot because of any loss i n  t a i l  contribution - a character- 
i s t ic   agparent ly  Cnfluenced by  wing-body  incluzed sifiemsh. 

4. An enlarged swept v e r t i c a l  t a i l  f o r  ';he configLnation  having no 
horizoEte1 t a i l  increased  the  direczionai   s tsbi l i ty  a t  low angles of 
atcack by an  aaount  antieiqated frm estirnE;tes and m s  suff ic ient  t o  
increase  the  angle of a t tack at *ich the   Ci rec t iona l   s tab i l i ty  became 
zero from zbcut 10' f o r  the  basic t a i l  to about l7.5O. 

5 .  Ezch of var ious  ventral   f ins ,  when aided t o  the  basic model, pro- 
vided  an  f rcrease  in   the  direct ionzl   s tabi l i ty   thzt  m s  essent ia l ly  con- 
scan5  with  angle of a t tack  bEt resulted  in  only a smll increase  in  the 
angle  cf  at-,ack for which the   d i rec t iona l   s tab i l i ty  became zero. 

6. The addition of varioxs  tip-mounted  stores had l i t t l e  effec7; on 
the loz@tuciinal characterlst ics  other  than  to  increase  the  ninimm  drag 
l eve l   bu t   d id   r e sn l t   i n  a decrease in di rec t iona l   s teb i l i ty  at the  higher 
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angles of a-itsck. The addition of a body-mounted s tore   resu l ted   in  a 
decrease i n   d i r e c t i o n a l   s t a j i l i z y  throughout the  angle-of-attack  range. 

Langley Aeronautical  hborat.ory, 
National  Advisory Committee for  Aeronactics, 

Lengley Field,  VEL., J u l y  20, 1956. 
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TABU 1.- GECMETRIC CHARACTERISTICS OF MODEL . 
Wir.g: 

Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . . .  0.3137 
Sgan. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  10.480 
Kean geometric chord. i n  . . . . . . . . . . . . . . . . . .  4.584 
Assect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  2.45 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0.377 
Sweep of leading edge. deg . . . . . . . . . . . . . . . . .  27.1 
Sweep of quarter-chord  line. deg . . . . . . . . . . . . . .  18.1 
Sweep  of 70.4-percent-chord l ine.  deg . . . . . . . . . . . .  0 
1ncidence.deg . . . . . . . . . . . . . . . . . . . . . . .  0 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . .  -10 
Airfoil   section . . . . . . . . .  Modifiei  3.36-percent  circular  arc 

Horizontal tail: 
Area. sq f t  . . . . . . . . . .  
Span. i n  . . . . . . . . . . . .  
Aspec-; rztio . . . . . . . . . .  Mezn gemetr ic  chord. i n  . . . .  
Taper ratio . . . . . . . . . .  
Sweep  of leading edge. deg . . .  
Sweep of quarter-chord  line. deg 
Sweep of rnidchorC line. deg . . 
Incidelce (on t e s t  nodel). deg . 
Airfoil  section. root . . . . .  Dihedral. deg . . . . . . . . .  
Airfoi l   sect ion.   t ip  . . . . . .  

. . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  
4.93-percent 
2.61-gercent 

. . 0.0771 

. .  5.72 . . 2.116 . .  2-95 . . 0.311 . .  19.5 . .  10.1 . .  0 . .  0 . .  0 
circular   arc  
c i rcular   arc  

Ver t ica l   t a i l s :  v2 v3 
Area t o  theoret ical  root. sq   i n  . . . . . . . . . . .  8.30 11.7 
Ssan from theorekical  root. in . . . . . . . . . . . .  2.66 3.61 
Mean gemetr ic  c:?ord. i n  . . . . . . . . . . . . . . .  3.44 3.48 
Asgect r a t i o  (par, e l )  . . . . . . . . . . . . . . . . .  0.85 1.11 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . .  0.378 0.371 
Sveep of leading edge. deg . . . . . . . . . . . . . .  52.3 44. 0 
Sweep of quarter-chord l ine.  deg . . . . . . . . . . .  34.9 47.4 
AirToil  sectior? . . . . . . . .  Modified  4.25-percent c i rcular   arc  
Tip chord. i n  . . . . . . . . . . . . . . . . . . . .  1.70 1.76 
Theoretical  root chord (1.52 in  . above fuselage 

reference  line). iz  . . . . . . . . . . . . . . . .  4.50 4.74 

Venkral f ins:  
Area of U1. sc_ i n  . . . . . . . . . . . . . . . . . . . . .  5-8 
Aree. of U2, sq i n  . . . . . . . . . . . . . . . . . . . . .  395 
Area of U3. aq  i n  . . . . . . . . . . . . . . . . . . . . .  2.2 
Area of U4. so_ in . . . . . . . . . . . . . . . . . . . . .  1.6 
Section . . . . . . . . . .  Modifled f la t  plate. 0.050 i n  . thickness 



. 
TABLE I.- GEOMETRIC CLIARACTEBISTICS OF MODEL . Concluded 

Fuselage : 
Lengtlrl. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  24.60 
Maxhua frontal  area. sa_ f-i . . . . . . . . . . . . . . . .  0.0368 
Base area. sq f t  . . . . . . . . . . . . . . . . . . . . . .  0.0136 
Lengt'n-diazneter r a t i o  . . . . . . . . . . . . . . . . . . .  9.25 

Body store (AI): 
Length. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  6.20 
Dianeter (~llax~mun). i n  . . . . . . . . . . . . . . . . . . .  0.88 
Lengt'n-diemeter ratio . . . . . . . . . . . . . . . . . . .  7.05 
Frontal  erea. sq f t  . . . . . . . . . . . . . . . . . . . .  0.00463 
Wetted area. sq f t  . . . . . . . . . . . . . . . . . . . .  0.1211: 

Tip ta-dcs: 
Length. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  8.46 

Length-diameter r a t i o  . . . . . . . . . . . . . . . . . . .  10.58 
Frontal ares. sq f t  . . . . . . . . . . . . . . . . . . . .  0.0035 
Diameter (maxinun). i n  . . . . . . . . . . . . . . . . . . .  0.80 

Sidewinder missile: 
Lengt'n. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  4-40 

Length-dianeter r a t i o  . . . . . . . . . . . . . . . . . . .  22 
Dlmeter (mximm). i n  . . . . . . . . . . . . . . . . . . .  0.20 

Fronkal  area. sq -pt . . . . . . . . . . . . . . . . . . . .  0.0004 

Falcon  missile: 
Lengt'n. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  3.46 
Diameter (maxirm~n). in . . . . . . . . . . . . . . . . . . .  0.256 
Length-diameter r a t i o  . . . . . . . . . . . . . . . . . . .  13.52 
Frontel  area. sq I"t . . . . . . . . . . . . . . . . . . . .  0.0006 
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TADU 11.- INDM OF FIGURES - Concluded 

20 

Effectn of extern1 stores on sideslip derivativee. M = 2.01. 2h 

Effecka of ventral fins on sideslip derivutiven. M = 2.01. 23 

Effects of vertical-tail plan farm on aidenlip derivatives. M = 2.01. 22 

Effectn of cauponent p r t n  on sidesUp derlvutlveo. M = 2.01. 21 

Effecto of cmponent parts on oldeslip  derivatives. M P 1.82. 
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Figwe 1. - Systems of axes end notation. 
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(b) System of body axes. 

Figure 1. - Conclirded. 



(a) Basic model. 

Figure 2.- Details of t e s t  model. A l l  dimensions  in inches  unless other- 
wise noted. 

I 4 
. c 



1 1 

" " 

I - 

v, -y-/--- t-'*76" - 

(b) Vertical-tail details .  

Figure 2.- Continued. 
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(e) Ventral-f in details. 

Figure 2.- Concluded. 
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(a) Fuselage store (A1) .  

Flgure 3.-  Details of store arrangements. 
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(b) Tip tanks (TI). 

Figure 3. - Continued. 
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( c )  Two tip-mounted  Sidewinder missiles M . ( 9) 
Figure 3. -  Continued. 
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(3)  Four tip-mounted  Falcon  missiles (M1). 

Figure 3.- Concluded. 
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(a) Basic model, BW2H. 

Figure 4. - Photographs of model. 



(b) Enlarged tail, BW3. L- 89751 

Figure k .  - Continued. 
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( c )  Basic model with wing-tip tanks. L- 8Ypl.9 

Figure 4. - Continued 
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(d) Basic model with four tip-mounted Falcon missiles. 

Figure 4. - Concluded. 
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Figure 5.- Effect of conponent  parts  on the aerodynzmic  characteristics 
in pitch. M = 1.82. 
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Figure 6.- E T f e c t  of cornponeat pa r t s  on the  aero6ynanic  characteristics 
in pitch.  M = 2.01. 



Figure 6.- Concluded. 
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Figure 7.- Comparison of longitudinal  stability  cheracteristics of cm- 
glete znoeel (BTW2H) et Mach numbers of 1.82 end 2.01. 
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Figure 7.- Concluded. 
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(a) OL - 2.4'. 
Figure 8.- Effect of camponent  parts  on the aerodynamic  characteristics 

in  sideslip  zt  various  angles  of  attack. M = 1.82. 



(b) a, = 8O. 

Figure 8.- Continued. 



NACk W1 ~ 5 6 ~ 0 6  

(c) a = 12.70. 

Figure 8.- Concluded. 
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Q* deg 

F i v e  9.- Effect of zcqonent  parts on the lateral and directional  char- 
ec t e r i s t i c s  i n  pitch.  14 = 1.82. 
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( a )  OL = 2.4O. 

Figure 10.- Effect of component  perts on the eerodyr"ic charecteristics 
in  siieslip ert various angles  of  attack. M = 2.01. 
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(b) a = 8'. 

Figure 10. - C o n t i n u e d .  
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(c) a 12.8O. 

Figure 10. - Continued. 
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(a) a, p: 18.2O. 

Figure 10. - Concluded. 
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Figure 

CL 

11. 

(a) a = 2.4O. 

- Effect of component perts on longitudinel  characterist ics j 
s ides l ip  a t  various  angles of attack. M = 1.82. 



(b) a * 8’. 

Figure 11. - Cont inmd . 



WACA RX ~ 5 6 ~ 0 6  

(c) a = 12.7O. 

Figure 11. - Concluded. 
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Figure 12.- Effect of cmponen-l parts on longi tudinal   character is t ics  i n  
s i d e s l i s  a-5 various angles of attack. M = 2.01. . 
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(b) Q = 8'. 

Figure 12.- Contimed. - 
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(c) a - 12.8O. 
Figure 12. - Continued. 
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(d) a - 18.2'. 
Figme 12.- Continued. 



(a) Concluded 

Figure 12. - Concluded. 
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NACA RM ~ 5 6 ~ 0 6  

(a)  a = 8O. 
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Figure 13.- Effect of ver t ica l - ta i l   sec t ion  on the aerodynwnic character- 
i s t i c s  i n  s ides l ip  z t  various apsles of attack.  Horizontal t a i l  on; 
M = 2.01. 
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(b) a, = 18.2O. 

Figure 13.- Concluded. 
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Figure 14.- Effect of ve r t i ca l - t a i l  plan form on the  aerodymmic  charec- 
t e r i s t i c s  i n  s ides l ip  stt various  angles of attack.  Horizontal t a i l  
off; M = 2.01. 



(b) CG = so. 
Figure 14. - Continued. . 
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(c) a = 12.8'. 

Figure lk . - Continued. 
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(d) a = 18.3'. 

Figure 14. - Concluded. 
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NACA RM ~ 5 6 ~ 0 6  

Figue 15.- Effect of vent ra l  f ins  on the h t e r a l  and directiopA1 charzck 
t e r i s t i c s  i n  pitch.  M = 2.01. 
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Figue 16.- Effec'; of ventral  fins on the eerodyr?Eunic character is t ics  i n  
sideslip. a = 8'; M = 2.01. 
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Figure 1'7.- Effecz of tip-mounted -L&r&s (TI) on the 
i s t ics  in pitch. M = 2.01. 
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Figwe  17. - Concluded. 
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Figure 18. - Concluded. 
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Figure 19.- Effects of various  store  arrangements on the lateral and 
direction&  characteristics in pitch. M = 2.01. 
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Figure 20.- Effects  of component pa r t s  on s ides l ip  derivztives. M = 1.82. 
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Figure 21.- Effects of component parts on sideslip derivatives. M = 2.01. 
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Figure 22.- Effects  of' ver+,ieal-tailpler, fo rn  on sfdeslig deriva5ives. 
M = 2.01. 
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Figure 23.- Effects  of v e n t r a l   f i n s  00 sideslip derivatives.  M = 2.01. 
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. w e  2k-.- Effects of external stores on sideslip  derivatives.  M = 2.01. . 

KACA - Langley rlcld. Va. 


